Abstract: IT (information technology) services are diverse and complex. Numerous service design methods have been developed for designing and developing products. However, owing to the limited availability of useful tools in IT service design, these methods are ineffective. This study proposes an innovative three-dimensional method for designing IT services. The proposed method considers user requirements, an organization's business requirements, service providers' management requirements as well as the decision-making criteria of management representatives to ensure a smooth implementation of a designed IT service. Using this method, a prototype system to improve campus wireless local area network services was developed and tested at a university in Taiwan. The prototype system reduced the need for repetitive authentication and the time required to solve service problems and address user complaints. In addition, the service design team observed an approximately 70% reduction in project cycle time. The proposed method provided a systematic means to organize the design and implementation of IT services.
Introduction


The primary task of an IT (information technology) department is to provide stable and convenient IT services for maintaining competitiveness. Most of the time and resources of a typical IT department are spent on personnel and improving and upgrading the most problematic services. For convenience, firms commonly hire system integration providers to design IT services. Unfortunately, these providers seldom have a clear understanding of the company culture or its service requirements; therefore, they fail to identify key service problems and may propose suboptimal hardware upgrades as a default means to improve service. However, hardware upgrades seldom reduce the number of complaints received or improve the service quality.
The premise of this study is that the above mentioned IT service issues can be resolved by improving service design. It has been suggested that appropriate service designs can improve customer satisfaction [1] . Sangiorgi [2] stated that service design is an important area of research and that it should encompass three fields in both practice and research, namely, investigation of the nature of services and of service design, investigation of product service systems, and investigation of social innovation and sustainability.
Existing service design methods include the TRIZ (theory of inventive problem solving), QFD (quality function deployment), and the service blueprint method. TRIZ and QFD are typically used in product design and development, and the service blueprint technique uses process analysis to improve service quality. IT services are commonly more complex than other services. Therefore, methods such as TRIZ, QFD, and the service blueprint method may not be able to address all aspects of IT service design. Section 2 describes the limitations of these methods.
Generally, IT departments do not design their own services because of a lack of experience in service design. Therefore, this study proposes a systematic IT service design method that considers the unique attributes of IT services, including planning, operations,
Literature Review
Recently, multiple service design studies have been published. For example, Morelli [3] proposed a service design and management model in which multidimensional (organization, technology, and the actor's culture) values are implied in service design activities. Papazoglou and van den Heuvel [4] studied service development methods from the viewpoint of a service producer and a requester. Pigneur and Werthner [5] argued that effective service design should focus on users and that flexible service design must be linked to the organizational strategy, business model, and business process of the designing organization. Pernici [6] argued that the service design should consider flexibility and adaptability over the entire service life cycle. With regard to planning, he suggested that more systematic development could be realized using service design to improve the links between user requirements and service construction. Steen et al. [7] recommended that codesigners first identify the goals of the service design project and then align their codesign activities and associated benefits with those goals.
In addition to theoretical discussions of development, several studies have examined the use of TRIZ, QFD, service blueprint, and other methods in service design. TRIZ is a systematic method for product innovation that has been extensively used in engineering and innovative design for approximately half a century. The principles of TRIZ have been successfully used in a wide variety of methods and applications [8] [9] [10] [11] [12] . Even though TRIZ integrates systematic innovations with technical solutions, it has never been used for managerial problems. We believe this is due to difficulties in evaluating service quality and identifying the benefits provided by IT services. Therefore, evaluative resources, such as service quality evaluation criteria, components of service quality, the service quality contradiction matrix, and the relationship between the service and the inventive principle, have not been developed for TRIZ-IT. That is, IT service producers, unlike producers in other industries, cannot use TRIZ resources with direct value to their requirements because those resources do not exist.
The QFD method, which is used in the design phase, involves a series of activities (e.g., product design and development, manufacture planning, and production) to deliver products or services that satisfy user requirements. The QFD method has been used successfully in a wide variety of situations [13] [14] [15] [16] [17] [18] [19] [20] . QFD is applicable to IT in that it considers time, cost, quality, and risk to improve research, development, processes, and manufacturing. The fourth business component is personnel (B4). Personnel are stakeholders who participate in service or project development. They are assigned specific roles and responsibilities at various stages. They include users, the service design team, service providers, experts, project managers (team), and outsourced vendors. Before a service can be designed, relationships between individual stakeholders and between stakeholders and the service must be acknowledged. The expertise of each stakeholder should be exploited optimally, and user participation should be encouraged to ensure a complete understanding of ideas and requirements.
The Management Dimension Components
The first component of the management dimension is scope (M1), which includes both the scope of services that an organization can reasonably offer and the scope of services that the organization must provide to reach its highest-level goals. Clearly defining the scope of services is essential for two reasons. First, scope dictates the other components of the management dimension. Second, users always try to pull a service design or improvement out of scope in ways that are unique to individuals rather than common to the goals of the organization and the project. This negatively affects project delivery and quality. Therefore, potential changes need to be weighed against the broader goals of the organization and the desired scope before they are adopted.
Time (M2) is the second component of the management dimension. Here, time refers to the start and end points, order, and scope of the work. The duration and quality of the provided services are directly related to the service cost. Service design should use a linear or nonlinear programming model to optimize resources under constraints.
The third management component is cost (M3), which refers to all expenses associated with providing services, including the cost of quality control. The design and delivery of services are considered to be a cost regardless of where they originate. Service design must consider implementation costs, maintenance, and operating expenditures after delivery. To prevent under-budgeting, the total cost should be calculated as proposed by Ellram and Siferd [26] during service design to estimate all associated costs.
The fourth management component, communication (M4), refers to the processes used by all service stakeholders to communicate and exchange views to reach a mutual understanding. Communication is the most time-consuming and critical part of each stage. Service design must provide an open communication platform for the service team and users. Communication channels may include phone, mail and/or e-mail, a service counter, or a customer service system that provides technical support.
The fifth component is quality (M5). Quality reflects the implementation standards and service processes required to satisfy internal and external user requirements. Service quality directly affects user satisfaction and must be considered throughout the process (before, during, and after service delivery). For example, experts can participate in service design immediately before delivery, service quality can be monitored using automatic malfunction alerts during delivery, service providers can draw on experience to suggest modifications, and service quality can be monitored after delivery through regular audits and surveys.
Risk (M6), the sixth management component, refers to the probabilities and consequences of dangerous situations. No service is risk-free. During service design, the stability and quality of the service and the risk to the resources that an organization has invested need to be evaluated to develop countermeasures and control methods for all stages. Teams need to identify the most likely cause of the next service disaster and maximize improvements to minimize risks. To minimize service risks and the impact of a service disaster on operations, risk analyses should be performed and countermeasures described in business impact assessments [27] , business contingency plans [28] , and disaster recovery plans [29] should be applied.
The seventh management component is outsourcing (M7), which refers to specific functions, services, tasks, or management responsibilities performed by third parties. To reduce costs and minimize risk, organizations typically outsource business components that are not among the organization's core functions. The roles and responsibilities of both parties must be clearly established in a contract. During service delivery, participants may access personal and confidential data. Therefore, independent of whether the work is outsourced or performed in-house, the organization must protect and manage personal and confidential data. Access to user data or usage rights must be determined in advance and strictly managed by participating organizations during service design, and the nature of the collaboration with external vendors must be consistent with organizational strategies, e.g., through nondisclosure agreements.
Change (M8), the eighth management component, refers to modifications in the scope of service delivery. Changes are inevitable when satisfying rapidly changing user demands. The design process typically considers future service expansions but usually without an associated detailed action plan.
The Decision-Making Dimension Components
Decisionmaking commonly involves prioritizing or determining the best potential alternatives according to an analysis based on empirical decisionmaking or quantitative assessment tools. Lessons Learned is an empirical decision-making method [30] .
Business decision-making (D1) [31] is a process by which an organization sets its future development goals and strategies or the means of achieving these goals. Managerial decision-making (D2) is an attempts to realize a high degree of coordination among production technologies and economic activities, as well as rational allocation and utilization of resources by various parts of the organization to improve management efficiency.
Quantitative analysis techniques, such as multi-attribute decision-making [32] methods, can be used when the number of service improvement alternatives is limited and known. Table 1 presents the overall score of a candidate solution as a weighted sum of its attribute values obtained using the SAW (simple additive weight) of the multi-attribute utility theory [32] . The score of each candidate solution i (Ai) is obtained by summing the normalized products of the metrics r ij and their assigned weight w j (for evaluation item j).
The selected solution A*is defined as follows.
where m is the number of candidate solutions and n represents the number of evaluation items. In general,
Steps Involved in the 3D IT Service Design Method
Six steps to apply the proposed 3D IT service design method are suggested. Fig. 2 shows the relationship between each step and the corresponding stakeholders. The project enters the implementation phase immediately after the management representatives hold a kickoff meeting.
Step 5. Implement the solution This step includes implementing and confirming the effectiveness of the proposed problem solution procedure and determining whether further improvement is required. The selected solution becomes a formal service only after it is executed and corrected carefully. Tables 6-8 show the implementation phase, monitoring and controlling phase, and closing phase as well as the recommended work items.
The project manager assigned by the organizational service management representative needs to lead the project team in implementing the improvement project. The management representative should audit and guide the implementation of the project to ensure quality. During the implementation process, consent of the management representative is generally required when the scope, cost, or quality of the project change. The project manager is typically responsible for maintaining good communication among stakeholders by providing effective project team management, conducting regular project review meetings, and resolving conflict efficiently throughout the project life cycle.
If the expected benefits cannot be realized after the best improvement solution is executed, the organization must return to Step 4 to reselect the next best solution using quantitative evaluation methods.
Step 6. Provide a new service When providing a new service, the methods for monitoring the service and automatically detecting service exceptions are as important as the new solution itself. After the methods to monitor the recognized problems have been implemented, problems should be solved promptly rather than being logged for future consideration.
In this step, the service provider officially provides a new service. The service communication platform should be sufficiently transparent to enable the identification of user requirements and service problems, and a service management system should be established to improve the service actively and continuously.
The proposed 3D IT service design method has six steps. The project manager and his team implement the design method by completing the work items according to the plan. In the implementation process, the project manager monitors the project indices to verify satisfactory performance. Two steps to ensure continuous improvement are suggested. First, identify the root cause of a failure and define the direction for improvement. Second, if the root cause cannot be clearly identified, the management representative should 
The eval system me intersection (2) the total from the i weight 0.25) (derived Technology/ interface is point of Pro engineers ar from the i weight 0.1). weights used After the were determ After the service provider applied the six steps of the proposed 3D IT service design method to improve WLAN services, users did not need to repeatedly enter usernames and passwords. Visitors could also access WLAN by simply entering a verification code rather than providing personal data. Since its implementation at University A in January 2014, the system operated effectively for 18 months. According to the statistical data collected over this period, the average time taken by the information center to solve WLAN service problems or handle user complaints decreased from 100 h per month to 25 h per month, reducing the time required to solve problems by approximately 75%. Moreover, the new service model does not require additional hardware and reduces the service time.
The design method enabled the improvement team members to quickly and easily identify the scope of the project and the work direction by selecting the work items that were recommended to improve service. The design team determined that the proposed 3D IT service design method was superior to methods that had been used in previous improvement projects. The management representatives of the information center also noted that due to a lack of experience, several previous implementation projects required 7-10 problem-resolution iterations. Combining the systematic guidelines developed in this study with the recommendations of the service design team and domain experts reduced the number of problem resolution iterations to approximately three and reduced the risk of design flaws. The proposed method reduced the time required to plan service projects by approximately 70%.
Conclusions and Future Research
University IT service staff typically have limited ability to design services. Therefore, campus IT service improvements are usually made only when equipment suppliers recommend hardware upgrades. This study provided the IT staff at University A with a simple and systematic design method to improve IT service quality using existing hardware. Even though several IT service design studies have reported the successful application of the TRIZ, QFD, and service blueprint methods, university IT staff typically find implementing these IT service design methods extremely difficult.
In this study, a structural guide was used to develop a simple and systematic design method to design campus IT services. This method was developed by integrating the best practices of project management, information service management, and decisionmaking, requires a complete analysis before service changes are made, and considers service management and business integration. With this method, IT staff can lower the failure risk of IT project design and deliverables and create a win-win configuration for all IT service stakeholders.
In the case study, the proposed 3D IT service design method was employed to demonstrate the feasibility and effectiveness of the proposed method. In any service field in which the proposed approach is applied, the service design team must first understand user requirements and master the processes and techniques required in service delivery to design a service system that benefits both the implementing organization and its users.
An IT service that satisfies the user and management requirements is likely to succeed. Providing users with stable and high quality IT services at a low cost is a common goal of IT service design teams. However, the rapid development of IT is expected to increase service complexity and cross-industry service integration. This study confirmed the effectiveness and feasibility of the proposed design method in improving and designing IT services at University A. In the future, the authors will address the application of the proposed method to cross-industry integration services.
Note: This paper is extended version of the "A Novel Method for Designing Information Technology Services" submitted in The IEEE 2016 International Conference on Computer and Information Technology [35] .
